(RECEIVED FOR PUBLICATION MARCH 4, 1960) Pumps to replace the function of the heart temporarily are readily available, but oxygenators that will physiologically perform the function of respiration are still in the process of development. Bubble, membrane, and film oxygenators are now being used in various centres, and some workers attempt to improve the efficiency of their apparatus by adding more and more safety devices and control gadgets.
In medicine few methods are ever ultimate, but the essential of reliability is simplicity, and we feel that, when used without unnecessary gadgets, the bubble oxygenator is safe and efficient. This is not merely an impression. Clinical application to over 70 patients using the high-flow principle during the past one and a half years at the Groote Schuur Hospital and the Red Cross War Memorial Children's Hospital has resulted in only eight deaths. The oxygenator is effective, non-traumatic to blood, easy to assemble and work, and free from mechanical failure. We have lost no patients as a result of failure of the heart-lung machine, and in the last 31 patients operated upon for congenital heart defects there have been no deaths.
Since our detailed description of the assembly and use of the helix-reservoir bubble oxygenator (McKenzie and Barnard, 1958) , on the advice of Dr. R. L. Varco, of the University of Minnesota Hospitals (Varco and Hodges, 1959) , we have changed to the stainless steel sponge debubbling system. This change simplifies the assembly of the heart-lung machine and has increased its safety and efficiency. It is the purpose of this paper to describe the preparation and assembly of this new debubbling chamber.
Debubbling is effected by four anti-foamed stainless steel sponges arranged around the perforated top of the mixing tube, and seated in a " teflon"-coated can (Fig. 1) . MATERIALS THE CAN.*-This is a stainless steel cannister, 7 in. deep and 5i in. in diameter. The inside of the can is coated with " teflon." A hole measuring 1 j1-J in. in diameter is made in the centre of the bottom of this can, and this will just allow the mixing tube (made of " tygon " or " mayon," with an internal diameter of 1l in. and a wall thickness of A3 in.), to pass through, giving a bloodtight fit. Another hole, 1I in. in diameter, which will allow the escape of gases, is made in the centre of the can's lid. Two peripherally placed outlets, large enough to take a " mayon " tube i in. internal diameter, are fitted and secured in the bottom of the can (Fig. 3) .
MIXING TUBE.-The mixing tube (made of " tygon" or "mayon") is 2 ft. 8 in. long, has an internal diameter of 1 in. and a wall thickness of -, in. Its top is perforated with about 30 holes, each j in. in diameter. The area in which the holes are situated extends from about 1 in. to about 4i in. from the top of the tube (Fig. 4) Samples were taken just before bypass, during bypass at 20 minutes, and 10 minutes after bypass. Blood for oxygen estimation was taken from the arterial and venous lines immediately after bypass.
not discolour it. The sponges are then arranged over the holes as follows ( Fig. 1) : two are arranged one above the other, well above and below the level of the holes, overlapping slightly at their junction. The third and fourth sponges are then pulled right over the first two, to form a closely knit barrier through which the oxygenated blood passes (Fig. 5) . This unit is then wrapped in a cloth and autoclaved. The can is wrapped and autoclaved separately.
On the morning of surgery the debubbling system is assembled under sterile conditions. The bottom end of the mixing tube is inserted through the centre hole in the can and the tube is then pulled down until the sponges are seated in the can. Care must be taken not to move the position of the sponges and to see that all the holes in the tube are well covered. The upper end of the mixing tube is closed with a stainless steel or rubber-covered nylon stopper (Fig. 6) .
The oxygen dispersal plate is placed in position at the lower end of the mixing tube. The lid is placed over the top of the can and strapped down. A piece of i in. " mayon " tubing is placed over one of the connectors in the can, and this 16-in. long tube delivers blood into the helix. An adjustable clamp is placed on this tube to regulate the flow of blood. A shorter piece of i in.
tubing is placed over the other connector, bent to 1800, and strapped to the side of the can to act as a depth gauge. To avoid aspirating air, a reservoir of about 100 ml.
blood is kept in the can and this level is marked on the gauge.
RESULTS
This type of debubbling system has been used in our last 53 open heart cases, and On an average, haemolysis was about 1 mg. % haemoglobin per minute of perfusion, except in patients Nos. 37 to 43 during which period faulty pump hoses with rough inside surfaces were used. Since these were discovered and replaced, no abnormal haemolysis has been encountered. In all patients there was minimal post-operative bleeding, indicating very little disturbance in the blood clotting mechanism. These facts show that destruction of blood was minimal.
The return of oxygenated blood was always into the right femoral artery and the perfusion pressure varied from 40 mm. Hg to 120 mm. Hg with a mean of 80 mm. Hg. Oxygenation and removal of carbon dioxide was always adequate (Table Il) .
All patients who survived the operation regained consciousness immediately anaesthesia was discontinued, and the electroencephalographic followups indicated no major variation from pre-operative studies.
CONCLUSION
Though there are several types of oxygenators, we have found the bubble oxygenator, used with a modicum of extra gadgets, to be reliable and efficient. We have used this system in 53 open heart operations and the results bear out the reliability and safety of this equipment. From these results we may conclude that the bubble oxygenator, when used with the necessary precautions, is efficient and safe,
